Preview search is a phenomenon in which a set of new items can be searched with seemingly no interference from items already present in the display. The preview effect has been shown to occur only when the presentation of the new items is accompanied by a luminance change (Donk & Theeuwes, 2001) . In a series of experiments, we extend the type of transients that can lead to a preview benefit to offsets and motion, and confirm Donk and Theeuwes's finding that equiluminant color changes do not lead to a preview effect. Like Donk and Theeuwes, we find that preview search does not occur when only the old items undergo a transient change, suggesting that the processes responsible for preview search are triggered when the new items undergo a change detectable by the magnocellular system. In addition, we find that irrelevant transients interfere with preview search only when they match the current attentional set (e.g., luminance change or motion). Results suggest that preview search is not the automatic capture of attention by transients, but rather is contingent on top-down control settings.
Visual marking is phenomenon in which a group of new items can be searched with seemingly no interference from other items in the display. In a typical visual marking experiment, a preview search paradigm is employed in which a group of stimuli is presented followed roughly 1 sec later (the gap interval) by a second group of stimuli that can contain the target (Watson & Humphreys, 1997) . The new set of stimuli intermingles with the old set in such a way that simple spatial strategies (e.g., attending to all of the objects in the upper right-hand portion of the display) cannot be used to segregate the stimuli. In the preview condition, search times are independent of the number of old items in the display and dependent on the number of new items, suggesting that only the new items are attended. Up to 30 new and old items can appear in the display with no degradation in the preview benefit (Theeuwes, Kramer, & Atchley, 1998) .
According to Watson and Humphreys's (1997, 1999) visual marking account, the preview benefit occurs through the top-down inhibition of old objects. The gap period between the presentation of the old and the new items is needed to allow observers sufficient time to build up inhibition at the locations of old objects; when the gap interval is too short (less than 400 msec), there is insufficient time for inhibition to build up at the locations of the old items and marking does not occur (however, see the General Discussion for an alternative interpretation). Even when there is sufficient time for visual marking to occur, changes to the structure or luminance of the old items will abolish marking.
More recently, Donk and Theeuwes (2001) have suggested that the preview benefit is triggered by the sudden onset of the new stimuli. When the new items are equiluminant with the background, there is no preview benefit; when the new items occur as onsets, the number of old items has no effect on search performance. In contrast to the luminance of the new items, the relative luminance of the old items has no effect on the preview benefit. These results suggest that the preview benefit is dependent on the new items undergoing a change detectable by the magnocellular system.
An alternative view is that the preview benefit occurs because of the temporal asynchrony between the old distractor and new search items (Jiang, Chun, & Marks, 2002a . That is, the temporal asynchrony allows observers to segregate the items into old and new sets. Changes that interfere with the asynchrony of the presentation of the old and new items disrupts the temporal segregation process. However, the temporal asynchrony hypothesis cannot explain the results of Donk and Theeuwes (2001) , in which there is temporal asynchrony between the presentation of both sets of items, yet no preview effect occurs when the new items are equiluminant with the background.
The finding that the preview benefit is dependent on whether or not the new items occur as onset transients is detrimental to Watson and Humphreys's (1997) visual marking account, which attributes the preview benefit to the active suppression of the old items before the new items appear. Although Watson and Humphreys (1998) have suggested that by inhibiting distractor items, marking enhances sensitivity to a luminance change, this does not explain why marking does not occur when the new search items appear through an equiluminant color change. That is, according to the visual marking account, the preview 695
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effect occurs because the old items are inhibited during the gap period, and this inhibition carries over to the search task, preventing the old distractor items from being processed and interfering with search. By this logic, the preview benefit should still occur when the new items appear via an equiluminant color change. Previously, Watson and Humphreys (1997) found that making a luminance change to the old items at the same time the new items onset abolished the preview benefit (Experiments 4 and 5). They suggested that the reason the luminance change to the old items abolished the preview benefit was because it interrupted the inhibitory tagging of the old items. An alternative account would be to suppose that adding additional transients to the display (luminance increments or decrements of the old items) made the onsets more difficult to detect. This is in line with Martin-Emerson and Kramer (1997;  see also Miller, 1989) , who have shown that onsets are less likely to capture attention as more offset stimuli are added to a display.
If the preview benefit is dependent on a visual transient occurring at the location of the new items, then it is possible that a preview benefit might occur for other types of visual transients. The findings of Donk and Theeuwes (2001) suggest that these other types of transients must stimulate the magnocellular system. The magnocellular system is sensitive to motion and rapid luminance changes, whereas the parvocellular system is sensitive to hue and fine spatial frequencies. When the new stimuli were defined by equiluminant color transients, which would be detectable only by the parvocellular system (Lehky, 2000; Livingstone & Hubel, 1987 , 1988 , Donk and Theeuwes's participants failed to exhibit a preview benefit. In the first section of this paper, we investigate whether other transients that are detectable by the magnocellular system can lead to a preview benefit. In the second part of this paper, we investigate whether the preview benefit can be limited to only certain classes of transients based on attentional control settings (Folk, Remington, & Johnston, 1992 , 1993 Folk, Remington, & Wright, 1994) . More specifically, the second part of this paper examines whether observers can limit their selection to a specific type of transient while ignoring irrelevant transients that have otherwise been shown to lead to a preview benefit.
Overview of This Article
In the following series of experiments, we examined the role that magnocellular transients and attentional control settings play in producing the preview benefit. Throughout this paper, we will define the search subset not on the basis of the order of presentation, but rather on the basis of instructions for the task at hand, thus making a distinction between the subsets of the search and the distractor items. This allows us to specify which items are relevant to the task at hand without confusing their order of presentation. In the traditional preview task, the old previewed items were the distractors, and the new items were members of the search set. In addition, we will refer to the pattern of data in which distractor items have no effect on how efficiently the search set is examined as the preview benefit. Mechanisms that are hypothesized to lead to the preview benefit, such as Watson and Humphreys's (1997) visual marking account or Donk and Theeuwes's (2001) capture hypothesis will be referred to specifically.
In the first group of experiments (Visual Marking of Transient Stimuli), we found that onsets, offsets, and motion transients can all lead to a preview benefit. In Experiment 1, we found that a preview benefit occurs for search items that are defined by onset or offset transients, but not for search items that are defined by an equiluminant color change. Experiment 2 demonstrates that a preview benefit can occur for search items defined by synchronous motion (common fate), and Experiment 3 demonstrates that this is not due to simple image segregation. The experiments reported in the second section, Contingent Visual Marking, investigated whether the preview benefit is contingent on top-down attentional control settings. In those experiments we found that there is no preview benefit when a secondary transient occurring subsequent to the preview transient (but before the search stimuli are revealed) is from the same class as the preview transient. For the purpose of this article, we will be looking at two classes of changes that can be detected by the magnocellular system: luminance change (onsets and offsets) and motion. Donk and Theeuwes (2001) found that the preview benefit occurred only when the search stimuli were defined by onsets; when the search items were defined by an equiluminant color change, participants were unable to mark. This suggests that other magnocellular transients, such as offsets, might also lead to a preview benefit. In Experiment 1C, we investigated whether a preview benefit would occur when offset transients defined the search items. Experiments 1A and 1B were replications of Donk and Theeuwes, demonstrating that a preview benefit can occur for onsets (1A) but not when the stimuli are defined by an equiluminant color change (1B).
VISUAL MARKING OF TRANSIENT STIMULI

Experiments 1A-1C: Marking by Luminance Transients
Method
Participants. Twenty-four students (8 males and 16 females) from the University of Illinois were paid to participate. The average age of the participants was 20 years. In all experiments discussed in this paper, all participants had normal or corrected-to-normal visual acuity and normal color vision as measured by the Ishihara color vision test (Ishihara, 1989) . The participants were assigned to one of three groups, with each group participating in the onset, offset, or equiluminant condition.
Apparatus. An Apple Power Macintosh 7100/66 running custom software was used to present the stimuli, control the timing of the experimental events, and record participants' response times (RTs). RTs were accurate to 2 msec. Stimuli were displayed using a 14-in. Apple Color Display.
Stimuli. The stimuli consisted of letters approximately 0.18º in width and 0.37º in height. The distractors were the letters of the alphabet excluding I, N, Q, S, T, Y, and Z, and the target was a Z or a reverse Z (Figure 1 ). For the equiluminant and offset conditions, placeholders consisted of filled gray rectangles approximately 0.23º in width and 0.41º in height. The letters appeared in green and the background was black. The luminances of the colors were matched for each participant using a heterochromatic flicker fusion test (Ives, 1912) to the gray standard used for the placeholders (mean luminances of 5.6 and 4.7 cd/m 2 for green and gray, respectively). The stimuli could occur in any of 36 positions laid out in a 6 3 6 matrix. Participants viewed the screen from a distance of approximately 60 cm.
Design. All experiments in this paper featured a design similar to that used by Theeuwes et al. (1988) , in which the number of distractor and search items is orthogonally manipulated. This allows us to directly test whether or not the distractor or search items affected search times without resorting to the indirect measure of search slope ratios. In addition, each experiment contained blocks of trials in which the preview transient was either present (experimental condition) or absent (baseline condition). These are functionally equivalent to the gap (preview) and conjunction conditions used by Watson and Humphreys (1997) .
In Experiments 1A-C, gap presence (gap or no-gap), the number of distractor items (3, 6, or 9) , and the number of search items (3, 6, or 9) were manipulated orthogonally as within-subjects variables. Gap and no-gap conditions occurred in separate blocks of 20 trials, and their order was counterbalanced across participants. There were 20 trials per condition, for a total of 360 trials.
Procedure. Examples of the temporal order of events are shown in Figure 1 . Participants started each trial by viewing a fixation cross for 500 msec. The fixation cross was followed by a placeholder screen that lasted for 1,000 msec. On gap trials, the placeholder screen was followed for 1,000 msec by the gap display. The final stimulus display was shown until the participant responded with a keypress.
The placeholder display contained the gray stimulus placeholders for the equiluminant (1B) and offset (1C) experiments. Placeholders occurred in all 36 possible stimulus locations and there were more placeholders than stimuli. This prevented participants from using the remaining placeholders as cues as to the exact locations where the search items would appear. For the onset experiment, only a fixation cross appeared. For the gap trials, the distractor items first made their appearance during the gap display and stayed on throughout the rest of the trial; in the no-gap trials the placeholder display was followed immediately by the response display. Response display always contained all of the search items. That is, for the gap condition, the response display was the first display to contain the search items, and for the no-gap condition, it was the first display to contain any search items.
For the offset experiment (1C), items were presented by removing the placeholders and replacing them with stimuli. For the equiluminant experiment (1B), the search items were presented on top of their existing placeholders. For the onset experiment (1A), the search items were presented without placeholders. Participants were instructed whether a block of trials was a gap or no-gap block. For the gap blocks, participants were told that they should search the second group of items for the target and to ignore the first group.
Participants responded by pressing the "z" key if a target Z was present and the "/" key if a reverse Z was present. Participants served in a single 30-min session consisting of 15 practice trials and 360 experimental trials.
Results
Error rates. Error rates for the three experiments were analyzed with three-way repeated measures analyses of variance (ANOVAs), with distractor set size (3, 6, or 9), search set size (3, 6, or 9), and trial type (conjunction or gap) as within-subjects variables. None of the main effects or interactions reached significance (ps . .1). The overall error rate was 2.1%.
Response times. For all experiments presented in this paper, any RT twice each participant's cell's mean was excluded from analysis. In addition, RTs for incorrect responses were not analyzed.
RTs for the gap and no-gap conditions relative to the number of distractor and search items can be seen in Figure 2. RTs for each experiment were analyzed using threeway repeated measures ANOVAs, with trial type (gap Figure 2 . RTs for Experiments 1A-1C. The left-hand panels show the effect of the gap and no-gap conditions relative to the number of distractor items, and the right-hand panels display the gap and no-gap conditions relative to the number of search items. In the onset and offset experiments, the distractors had no effect on search in the gap conditions. However, the distractors did affect search in the gap condition of the equiluminant experiment, and observers were therefore unable to visually mark. present or absent), the number of distractor items (3, 6, or 9) , and the number of search items (3, 6, or 9) as independent variables. For Experiment 1A (onsets), we found that the number of search and the number of distractor items affected RTs [F(2,14) 5 59.1 and 15.3, ps , .01, for the number of search and distractor items, respectively], and as can be seen in Figure 2 , gap trials were responded to more quickly than no-gap trials [F(1,7) 5 7.5, p , .05].
Of more importance are the interactions between gap presence and the number of search and distractor items. The signature of the preview benefit is that the distractor items have a smaller effect on search times than they do in instances in which the preview effect cannot occur. That is, when the preview effect occurs, the number of distractor items and gap presence (or experiment vs. baseline, in later experiments) should interact. Likewise, the search items should affect RT equivalently in both gap and nogap conditions, meaning that the number of search items and display type should not interact.
As can be seen in the top panel of Figure 2 , the number of distractor items had a smaller affect on RT during the gap condition relative to the no-gap condition, as demonstrated by the interaction between the number of distractor items and the type of display [F(2,14) 5 15.0, p , .01]. The number of search items and the type of display failed to interact [F(2,14) 5 1.4, p . .10], meaning that the number of search items affected RTs equivalently in both conditions. More specifically, these results indicate that observers were able to successfully mark when the search items were defined by an onset. No other main effects or interactions reached significance.
As in Experiment 1A (onsets), both the number of search and the number of distractor items affected search times in Experiment 1B (equiluminant) [F(2,14) 5 14.7 and 16.6, ps , .01, for the number of search and distractor items, respectively]. However, gap presence had no effect on search times [F(1,7) , 0]. More importantly, gap presence and the number of distractor items failed to interact [F(1,14) 5 1], indicating that participants were unable to visually mark when the items were defined by equiluminant color changes. No other main effects or interactions reached significance.
The results of Experiment 1C (offsets) are identical to the pattern of results for Experiment 1A (onsets). The number of search and distractor items both affected RTs [F(2,14) 5 28.5 and 26.4, ps , .01, for the number of search and distractor items, respectively], and trials were responded to sooner when a gap was present [F(1,7) 5 12.9, p , .01]. Critically, gap presence and the number of distractor items interacted [F(2,14) 5 10.6, p , .01], with distractor items having little effect in the gap trials, indicating that participants were able to visually mark when the search items were defined by offsets. No other main effects or interactions reached significance.
Discussion
Experiment 1 demonstrates that offset transients can also lead to a preview benefit. In addition, there was no pre-view benefit when the search items were defined by an equiluminant color change, replicating the results of Donk and Theeuwes (2001) . 1 The results support our proposal that magnocellular transients are necessary for a preview benefit. In addition, our replication of Donk and Theeuwes's finding that the preview effect is critically dependent on the nature of the transient marking the location of the search items is at odds with Watson and Humphreys's (1997) hypothesis that visual marking is dependent on the inhibition of older items before the newer items appear. This issue will be discussed further in Contingent Visual Marking, below.
Experiment 2: Marking by Motion Transients
In line with our proposal that the preview benefit occurs through stimulation of the magnocellular pathway, Experiment 2 tested whether the preview effect can occur when the search stimuli are defined by motion. Like Experiments 1B and 1C, Experiment 2 featured a set of placeholders to mark the future locations where the stimuli would be revealed. However, in Experiment 2 the future locations of the search stimuli were indicated by briefly swirling a subgroup of placeholders. The placeholders then remained static and a short time later were removed to reveal both the search and distractor stimuli. This is fundamentally different from previous preview search experiments, in which the marking transient (onset or offset) occurred simultaneously with the revelation of the search stimuli. That is, to successfully perform the task in Experiment 2, observers had to be able to encode which placeholders contained the marking transient (motion in this case) and remember these items while waiting for the stimuli to be revealed.
Although the role of motion is not new to the visual search literature, previous investigations have concentrated on the role that motion plays either during conventional visual search tasks (McLeod, Driver, & Crisp, 1988; McLeod, Driver, Dienes, & Crisp, 1991; Royden, Wolfe, & Klempen, 2001; Verghese & Pelli, 1992; or during the gap period of otherwise conventional onset-defined preview search tasks (Watson, 2001; Watson & Humphreys, 1998) . In contrast, Experiment 2 investigated whether motion can be the target group defining feature for preview search.
Method
Participants. Twelve students (8 males and 4 females) from the University of Illinois were paid to serve in the study. The average age of the participants was 24.5 years.
Design. In Experiment 2, trial type (static or movement), the number of distractor items (3, 6, or 9), and the number of search items (3, 6, or 9) were manipulated orthogonally as within-subjects variables. Static and movement conditions occurred in separate blocks of 20 trials, and their order was counterbalanced across participants. There were 20 trials per condition, for a total of 360 trials.
Stimuli. The stimuli consisted of triangles and circles approximately 0.46º in diameter drawn on a black background ( Figure 3 ). Each stimulus contained either a left-or right-leaning diagonal line. Placeholders were formed by overlapping all possible stimulus con-tours. The stimuli appeared in red or green, with each group of stimuli (distractor or search) restricted to a single color. Placeholders were gray. For each participant, the target was defined as a specific conjunction of color and shape (e.g., green triangle), and each combination of color was counterbalanced across participants. That is, the distractors would appear in green and the search items in red, or vice versa. A target was present on every trial, and the participants' task was to determine whether the target contained a left-or rightleaning line. Motion was created by displacing the placeholders 1 pixel (0.023º of visual angle) in a counterclockwise direction every 15 msec (one screen refresh). That is, motion was created by having each search item placeholder trace a counterclockwise path around its own axis. The items remained upright during the motion and did not change their orientation.
Procedure. The timecourse of events can be seen in Figure 3 . Each participant began a trial by viewing a fixation cross for 500 msec. The fixation display was then replaced by the placeholder display, which lasted for a total of 1,635 msec. In the static condition, the placeholders remained stationary for the entire period of time. In the motion condition, after the first 750 msec, the placeholders marking the search items synchronously swirled counterclockwise for 135 msec, followed by another 750 msec of static placeholders. Items were swirled by displacing them 1 pixel every screen refresh; swirling did not alter the items' orientation. After the placeholder display had ended, the response display came on, revealing all of the stimuli. Participants were told to attend to the items that briefly moved and to ignore the static items.
Results
Error rates. Error rates were analyzed using a threeway repeated measures ANOVA with trial type (static or movement), the number of distractor items (3, 6, or 9), and the number of search items (3, 6, or 9) as independent variables. None of the main effects or interactions reached significance. The overall error rate was 2.6%.
Response times. RTs for the static and movement conditions relative to the number of distractor and search items can be seen in Figure 4 . RTs were analyzed using a three-way repeated measures ANOVA, with trial type (static or movement), the number of distractor items (3, 6, or 9), and the number of search items (3, 6, or 9) as independent variables. Both the number of search items and the number of distractor items affected RTs [F(2,22) 5 40. and 14.0, ps , .05, for the number of search and distractor items, respectively]. In addition, RTs were faster in the movement condition [F(1,11) 5 14.2, p , .05].
Of more importance are the interactions between the presence of motion (analogous to the gap and no-gap conditions in other experiments in this paper) and the number of search and distractor items. The signature of the preview effect is that the distractor items have a smaller effect on search times than they do in instances in which the preview effect does not occur. Therefore, the number of distractor items and the presence of motion (or gap and no-gap) should interact. Likewise, the search items should affect RT equivalently in both display conditions, meaning that the number of search items and display type should not interact.
As can be seen in the left-hand panel of Figure 4 , the number of distractor items had a smaller effect on RT during the movement condition relative to the static condition, as demonstrated by the interaction between the number of distractor items and the type of display [F(2,22) 5 4.7, p , .05]. The number of search items and the type of display failed to interact (F , 1), meaning, as can be seen in the right-hand panel of Figure 4 , that the number of search items affected RTs equivalently in both conditions.
Discussion
Observers in Experiment 2 demonstrated a preview effect when the stimuli were defined by motion. In this case, the motion did not occur while the search stimuli were present, but occurred 750 msec before the presentation of the stimuli. This is in contrast to the live fly experiments of Verghese and Pelli (1992) and Royden et al. (2001) , in which the task was to locate the single moving dot (the "live fly") among a set of static dots ("dead flies"), and search was unaffected by the number of distractor items in the display.
Although Experiment 2 demonstrated that motion could lead to a preview effect, the question remains regarding the role that motion played. One possibility is that participants were selectively attending to the briefly moving stimuli and ignoring the distractors. Another possibility is that the transients allowed participants to segregate the display into static and briefly moving stimuli and search either set at will by assigning which would serve as figure and which would serve as ground. The finding of Donk and Theeuwes (2001) that a preview effect was not possible when the distractor items were onsets and the search items were defined by an equiluminant color change suggests that the preview effect is not a case of simple segregation but rather the act of actively attending to transient stimuli.
Experiment 3: Marking or Motion Segregation
Experiment 3 was designed to test the segregation hypothesis and was identical to Experiment 2 except that the target was located among the static items (i.e., the search items were static and the distractor items were defined by a brief movement). A finding that participants were able to successfully mark in Experiment 3 would suggest that participants were segregating the display into static and dynamic elements and able to assign at will which group would serve as figure and which group would serve as ground. On the other hand, a finding that participants were unable to mark in Experiment 3 would suggest that the results of Experiment 2 were due to observers actively attending to transients rather than simple segregation.
Method
Participants. Eight students (4 males and 4 females) from the University of Illinois were paid to serve in the study. The average age of the participants was 23.9 years.
Procedure. The procedure and stimuli were identical to those of Experiment 2 except that the target was located among the static rather than the dynamic items. Participants were instructed to attend to the static items and to ignore the briefly moving stimuli.
Results
Error rates. Error rates were analyzed using a threeway repeated measures ANOVA with trial type (static or movement), the number of distractor items (3, 6, or 9), and the number of search items (3, 6, or 9) as independent variables. None of the main effects or interactions reached significance. The overall error rate was 2.8%.
Response times. RTs for the static and movement conditions relative to the number of distractor and search items can be seen in Figure 5 . RTs were analyzed using a three-way repeated measures ANOVA, with trial type (static or movement), the number of distractor items (3, 6, or 9), and the number of search items (3, 6, or 9) as independent variables. As in Experiment 2, RTs were a function of the number of distractor or number of search items in the display [F(1,14) 5 47.0 and 26.6, ps , .05, for the number of search and distractor items, respectively]. However, trial type had no effect on RTs.
Critically, trial type and the number of distractor items failed to interact [F(2,14) , 1]. As can be seen in the lefthand panel of Figure 5 , participants were treating the distractor items identically in each condition, and therefore were unable to mark. Interestingly, trial type and the number of search items interacted [F(2,4) 5 12.4, p , .01], with the number of search items in the movement condition having a larger effect than the number of search items in the static items. Although the interference in the movement condition might suggest that motion captured attention, if the moving items captured attention and were searched first, we would still expect the slopes for the number of search items to be identical in the static and motion conditions. None of the other interactions reached significance.
Discussion
In Experiment 3, participants were unable to mark when the search items were defined as the static items on the screen. This indicates that participants were not able to segregate the displays on the basis of motion and search either group at will. This is in contrast with previous research showing that search for a single static element (the "dead fly") among moving elements ("live flies"), although not as efficient as searching for the single moving element among static elements, is still quite efficient when the dynamic elements move in synchrony (4.2 msec/ item, Royden et al., 2001) . The critical difference is that in Experiment 3, observers need to hold the locations of the static items in memory for 750 msec before the stimuli appeared, whereas in Royden et al., motion was present throughout the search process. This leads us to suspect that the preview effect is simply the act of attending to groups of stimuli defined by transients. In addition, the number of search items and the presence of motion interacted; this suggests perhaps that the moving items, although not the target of the search, might have captured attention.
Summary of Experiments 1-3
Experiments 1-3 were designed to test whether the preview effect could occur for transient stimuli other than onsets. Experiment 1 demonstrated that a preview effect could occur for offsets, and Experiment 2 demonstrated that a preview benefit could occur for motion. In addition, Experiment 1 replicated the finding of Donk and Theeuwes (2001) that a preview effect does not occur for equiluminant color transients, and Experiment 3 demonstrated that the preview effect does not occur for static items that are not defined by a unique transient. This suggests that the preview effect occurs only for items that uniquely stimulate the magnocellular system. Experiment 2, relative to previous preview search experiments, was unique not only because it used motion to define the search items, but also because every item in the visual field underwent a transient change (the offset of the placeholders) after the defining transient (motion) occurred. If the preview effect is simply the involuntary capture of attention by transient stimuli, then the offset of the placeholders should have captured attention and abolished the benefit for the search items. This lack of attentional capture by offsets in Experiment 2 suggests that the preview effect is modulated by top-down attentional control settings, as in the contingent attentional capture hypothesis of Folk and his colleagues (Folk et al., 1992 (Folk et al., , 1993 Folk et al., 1994) . (Watson, 2001; Watson & Humphreys, 1997 suggests that only certain types of transients can interfere with preview search when the target set is defined by an onset. For example, when other onsets or offsets occur at the same time as the marking onset, the preview benefit does not occur (Watson & Humphreys, 1997) . On the other hand, onsetdefined preview search does occur in the presence of motion, or at least when motion has been present before the appearance of the marking items (Watson, 2001 , Experiment 1). Likewise, when the search set is defined by motion, a subsequent offset (Experiment 2) does not interfere with preview search. This suggests that luminance changes, in the form of onsets and offsets, belong to the same class of transient, whereas motion defines a distinct transient class, at least with regard to preview search.
CONTINGENT VISUAL MARKING
Previous research by Watson and Humphreys
In this section we investigate the contingent marking hypothesis, which states that the preview benefit is dependent on a top-down attentional set for a specific class of transients. Accordingly, irrelevant transients that match the current attentional set should interfere with preview search, whereas transients that do not match the current attentional set should not interfere. To test this hypothesis, in the following series of experiments, as in Experiments 2 and 3, every item in the display underwent an irrelevant change after the presentation of the marking transient but As can be seen in the left-hand panel, the distractor items had an equivalent effect in the static and movement conditions, indicating that participants were unable to visually mark when the search stimuli were defined as the static items. As shown in the right-hand panel, responses as function of the number of search items slowed more for the movement than for the static conditions, suggesting that the irrelevant moving items might have captured attention.
before the search stimuli were revealed. Therefore, according to the contingent marking hypothesis, when the irrelevant transient matches the current attentional set, attention should be drawn to every item in the display and no preview benefit will occur (i.e., the number of distractor items should affect search times equivalently in the nogap and gap conditions). Preliminary evidence for this hypothesis was found in Experiment 2, in which the presence of offsets had no effect on preview search when the attentional set was for motion.
Experiment 4: Marking by Onsets in the Presence of Motion
In Experiment 4 we investigated whether motion would interfere with preview search when participants have an attentional set for onsets. Recently, Watson (2001) found that motion did not interfere with preview search when the onsets joined a group of distractor items already present on a rotating plane. In Watson's case, the motion was present in the display before the onsets occurred, and it remains to be seen whether the introduction of new motion in Experiment 4 will interrupt preview search or not. In contrast, Watson and Humphreys (1998) found that the preview benefit was abolished when a group of moving old items suddenly stopped moving when the new items onset. Although this might suggest that motion can interfere when the search items are defined by an onset, another possibility is that the sudden stopping of the moving distractors led to a change in velocity, which in turn produced a local change in luminance.
To test whether irrelevant motion interferes with preview search, we introduced irrelevant motion after the marking onset but before the stimuli were revealed. To prevent participants from examining the search stimuli before the introduction of the irrelevant motion, we onset placeholders rather than the search stimuli themselves. That is, placeholders marking the locations of the old distractors onset first, followed a short time later by the onset of the placeholders for the new search stimuli. After a brief pause, all of the placeholders swirled in synchrony. After the irrelevant motion had occurred, the stimuli were painted in a green equiluminant with the gray placeholder, much as in Experiment 1B.
According to the contingent marking hypothesis, motion should have no effect on marking. In contrast, if the irrelevant motion captures attention, then every item in the display will be weighted equally and no preview benefit will occur (i.e., the number of distractor items will have an equivalent effect on RTs in the no-gap and gap conditions).
Method
Participants. Eight students (6 males and 2 females) from the University of Illinois were paid to serve in the study. The average age of the participants was 22.5 years.
Stimuli and Procedure. Except for the temporal order of events, the stimuli were identical to those used in Experiment 1B. In the gap condition, the distractor placeholders onset, followed 750 msec later by the search placeholders ( Figure 6 ). Approximately 300 msec after the onset of the search placeholders, the entire display swirled in synchrony for 135 msec, followed by 315 msec of static placeholders. After the placeholder display had ended, equiluminant search and distractor stimuli were drawn on their respective placeholders. In the no-gap condition, the distractor and search placeholders appeared all at once. Participants were told to attend to the second group of placeholders that onset and to ignore the first group.
Results
Error rates. Error rates were analyzed using a threeway repeated measures ANOVA with trial type (gap or nogap), the number of distractor items (3, 6, or 9) , and the number of search items (3, 6, or 9) as independent variables. None of the main effects or interactions reached significance. The overall error rate was 2.1%.
Response Times. RTs for the gap and no-gap conditions relative to the number of distractor and search items can be seen in Figure 7 . RTs were analyzed using a threeway repeated measures ANOVA, with trial type (gap or no-gap), the number of distractor items (3, 6, or 9) , and the number of search items (3, 6, or 9) as independent variables. Both the number of search items and the number of distractor items affected RTs [F(2,14) 5 85.4 and 62.2, ps , .01, for the number of search and distractor items, re- Participants initially viewed a fixation cross,  which was replaced 500 msec later by the first (old) set of placeholders. After 750 msec, the second (new) set of placeholders joined the first set by onsetting. An irrelevant motion lasting 135 msec was introduced 300 msec later by swirling  all of the premasks in the display in a counterclockwise direction. After a 315-msec delay, the stimuli were revealed by  being painted in a green that was equiluminant with the gray premasks. In the no-gap condition, the search and 
Discussion
Experiment 4 demonstrated that motion does not interfere with preview search when observers have an attentional set for onsets. This supports our hypothesis that the introduction of a new transient will interfere with preview search only if the new transient is from the same class as the transient used to define the search objects (see the Discussion section of Experiment 5 for the definition of transient class). Had the introduction of motion been able to capture attention, both the distractor items and the search items would have been attended equivalently, and there would have been no performance difference between the gap and no-gap conditions. Similar evidence for the independence of motion and onsets comes from Watson (2001) , who found that a preview benefit could occur when onsets joined a group of items already present on a rotating plane. However, in Watson's experiment, the motion was apparent before the introduction of the onsets, and might have allowed observers to treat the rotating objects as a coherent group undergoing transformation. Indeed, when the search and the distractor items underwent incoherent motion transformations, the preview effect was abolished (Watson, 2001, Experiment 2) .
Interestingly, Olivers, Watson, and Humphreys (1999) found no preview benefit when the new search items were added to a field of moving distractors. One possibility is that the disappearance and reappearance of items as they scrolled on and off the screen captured attention, and this in turn overrode any potential preview benefit. Indeed, the results of Watson (2001) suggest that the disappearance and reappearance of items along the edge of the screen was responsible for the lack of preview benefit observed by Olivers et al. (1999) , rather than motion per se.
Experiment 5: Marking by Onsets in the Presence of Offsets
In Experiment 4, we found that the introduction of motion did not abolish the preview effect, which is consistent with the prediction of our contingent marking hypothesis. In Experiments 5 and 6, we introduced transients to the display from the same class as the transient marking the location of the search stimuli. According to our contingent marking hypothesis, these superfluous transients should interfere with the preview effect by guiding attention from the search items to all of the items in the display.
Experiment 5 featured a paradigm similar to that of Experiment 4, in which the onset of placeholders marked the locations of the search and distractor objects. After the search items had been presented, all of the placeholders offset, revealing the search display. Given that offsets belong to the same transient class as onsets, we predicted that the placeholder offsets should interfere with preview search. More specifically, if the offset of the placeholders interferes with marking defined by onsets, then performance should be equivalent in the gap and no-gap conditions, and no preview benefit should occur.
Method
Participants. Eight students (3 males and 5 females) from the University of Illinois were paid to serve in the study. The average age of the participants was 23.4 years.
Stimuli. The stimuli were identical to those used in Experiments 2 and 3.
Procedure. The procedure was similar to the one used in Experiment 4, except that the premasks offset to reveal the stimuli and there was no motion. The timecourse and displays are illustrated in Figure 8 . The placeholders were removed (offset) 1,000 msec after the final placeholders had appeared. Participants were instructed that the target would appear in the second group of onsets and that they should ignore the first group.
Results
Error rates. Error rates were analyzed using a threeway repeated measures ANOVA with trial type (gap or nogap), the number of distractor items (3, 6, or 9), and the number of search items (3, 6, or 9) as independent variables. None of the main effects or interactions reached significance. The overall error rate was 2.1%.
Response times. RTs for the gap and no-gap conditions relative to the number of distractor and search items can be seen in Figure 9 . RTs were analyzed using a three-way repeated measures ANOVA, with trial type (gap or no-gap), the number of distractor items (3, 6, or 9), and the number of search items (3, 6, or 9) as independent variables. Both the number of search items and the number of distractor items affected RTs [F(2,14) 5 42.3 and 17.7, ps , .05, for the number of search and distractor items, respectively], but trial type had no effect. None of the interactions reached significance (Fs , 1).
Discussion
Experiment 5 demonstrated that when offsets occurred subsequent to the marking onset, the preview effect was abolished. This suggests that when observers have an attentional set for onsets, a subsequent transient of the same class (luminance change) will abolish the preview effect.
What is not clear at this point is the definition of transient class. Given the similarities between our contingent marking hypothesis and contingent capture, a reasonable place to start would be with the contingent capture literature of Folk and his colleagues (Folk et al., 1992 (Folk et al., , 1993 . They found that when there is an attentional set for a specific type of singleton (e.g., color, but see Bacon & Egeth, 1994) , other types of singletons do not capture attention (e.g., onsets). Originally Folk and his colleagues (1994) suggested that contingent capture might be due to differential weighting of static and dynamic pathways. However, later research demonstrated contingent capture for specific colors (Folk & Remington, 1998) . In addition, Atchley, Kramer, and Hillstrom (2000) have demonstrated that contingent capture can be specific to onsets or offsets. Each trial began with a display that was empty except for a fixation cross. One second later, the placeholders for  the distractor items onset. After 1 sec, they were joined by the placeholders (gray outline) for the search items (hollow outline) . The placeholders offset 1 sec later, revealing the search items. In the example, only two distractor and two search items are present; in the actual experiment, the number of distractor and search items ranged from three to nine items. Figure 9 . Response times for Experiment 5, in which the onset of the stimuli was followed by a whole-screen offset of the placeholders. As can be seen in the left-hand panel, the distractor items had an equivalent effect in the gap and no-gap conditions, indicating that participants were unable to visually mark when the onset of the premasks defining items to search were followed by offsets. As shown in the right-hand panel, search items had an equivalent effect in both conditions. This clearly shows that several of the features that can be specified for contingent capture do not lead to a preview benefit (Table 1) . For example, contingent capture can occur for specific colors, but the same does not hold true for the preview effect, as demonstrated by the lack of a benefit in numerous no-gap conditions in which the old and new items occurred in different colors (Watson & Humphreys, 1997 , Experiment 1; Experiments 2 ,3, 5, and 6 of this paper). Likewise, have demonstrated that when there is an attentional set for onsets, offsets do not capture attention, and vice versa. However, as demonstrated in Experiment 5, when the target set is defined by onsets, subsequent offsets will interfere with preview search (see also Watson & Humphreys, 1997, Experiments 4 and 5) .
In Experiment 5, we demonstrated that offsets could interfere with onset-defined preview search, suggesting that onsets and offsets belong to the same class of visual transient with regard to preview search. In Experiment 6, we investigated another case of potential intraclass interference: whether irrelevant motion will interfere with motiondefined preview search.
Experiment 6: Marking by Motion Interrupted by Subsequent Motion
As predicted by the contingent marking hypothesis, observers in Experiment 5 were unable to mark when the marking onset was followed by a subsequent offset. In Experiment 6 we predicted that subsequent motion transients would interfere with preview search defined by motion.
Experiment 6 was identical to Experiment 2 except that prior to the placeholders revealing the stimuli, the entire display moved synchronously. In the marking-motion condition, participants were instructed to pay attention to the moving subset of stimuli and to ignore the subsequent motion.
Method
Participants. Eight students (3 males and 5 females) from the University of Illinois were paid to serve in the study. The average age of the participants was 22.7 years.
Procedure. The procedure was similar to that used in Experiment 2, and the timecourse of events can be seen in Figure 10 . Participants first viewed a set of placeholders marking the location where the stimuli would subsequently occur. After 750 msec, in the motion condition, a subset of the placeholders synchronously moved in a swirling motion for 135 msec; in the static condition, the placeholders remained static. The placeholders then remained static for another 750 msec. In both the static and motion conditions, the entire display then moved in synchrony for 135 msec. The placeholders were removed 240 msec later, revealing the search stimuli. Participants were told to attend to the items that briefly moved and to ignore the static items or any subsequent motion.
Results
Error rates. Error rates were analyzed using a threeway repeated measures ANOVA with trial type (markingmotion or static), the number of distractor items (3, 6, or 9) , and the number of search items (3, 6, or 9) as independent variables. None of the main effects or interactions reached significance. The overall error rate was 2.3%.
Response times. RTs for the marking-motion and static conditions relative to the number of distractor and search items can be seen in Figure 11 . RTs were analyzed using a three-way repeated measures ANOVA, with trial type (marking-motion or static), the number of distractor items (3, 6, or 9) , and the number of search items (3, 6, or 9) as independent variables. Both the number of search items and the number of distractor items affected RTs [F(2,14) 5 28.9 and 9.0, ps , .05, for the number of search and distractor items, respectively], but trial type had no effect. As in Experiment 5, none of the interactions reached significance (Fs , 1 for the two interactions featuring trial type and the number of distractor or search items).
Discussion
Like Experiment 5, Experiment 6 demonstrated that when a transient was followed by a transient of the same class, the preview effect was abolished. Experiment 6 extended these findings to instances in which motion was the marking transient.
Summary of Experiments 4-6
According to our contingent marking hypothesis, transients that occur subsequent to (but prior to the presentation of the search stimuli) or simultaneous with the marking transient will interfere with preview search if they are from the same transient class. Prior research by Watson (2001) and Watson and Humphreys (1997, 1998) suggested that because offsets interfered with onset-defined preview search, these types of luminance changes were treated as the same class of transient for preview search. Motion, on the other hand, did not interfere with onsetdefined preview search, suggesting that motion belonged to a separate transient class. In Experiments 2 and 4, observers were successfully able to search the search stimuli when they were defined by motion or onset transients and followed by offsets or motion transients, respectively. In contrast, in Experiments 5 and 6, when the marking transient was an onset and was followed by offsets, or when the marking transient was motion and was followed motion transients, the preview effect was not evident. The results of these experiments, as well as the results of Experiments 4 and 5 from Watson and Humphreys (1997) , suggest that preview search is subjected to topdown constraints.
GENERAL DISCUSSIO N
We had two goals for the experiments in this paper. The first goal was to determine whether magnocellular transients other than onsets could lead to a preview effect. In Experiment 1 we demonstrated that luminance onset and offset transients can lead to a preview benefit, but color transients do not (see also Donk & Theeuwes, 2001) . In Experiment 2 we extended the preview search phenomena to motion transients. Our second goal was to determine whether preview search was constrained by a top-down attentional set for specific classes of transients. If preview search is indiscriminate in regard to which transients lead to a preview effect, then any secondary magnocellular transient would interfere with preview search. In Experiments 2, 4, 5, and 6, we demonstrated that secondary transients interfered with preview search only when they were from the same class of transient as the marking transient. This suggests that preview search is subjected to top-down attentional constraints.
Inhibition of Distractor Items or Attention to Search Items?
Previously, Watson and Humphreys (1997, 1999) suggested that the preview search phenomenon occurs through the active inhibition of the distractor items in the display. To more directly test the inhibition account, Watson and Humphreys (1999) employed the probe-dot technique (Klein, 1988) . In their experiment, on a small subset of trials (24%), participants were signaled via a tone that occurred simultaneously with the search stimuli to determine whether or not a probe was present somewhere in the display rather than perform the normal search task. In the gap and no-gap trials, the probe was detected equally as well when it occurred in one of the search items. However, in the gap condition, the probe was less likely to be detected when it occurred among the distractor items. This suggested to Watson and Humphreys that the probe was less likely to be detected because inhibition had built up at the location of the distractor items during the gap period.
Another explanation for the probe effect is that participants' attention might simply have been drawn to the last transient to occur in the display. This makes sense because in both the gap and the no-gap conditions, the final onset in each condition contained the search set. Therefore, the weakened detection performance for probes that occurred on distractor items during the gap condition might have been because the onset drew attention to the search items and away from the distractor items rather than because of the active buildup of inhibition during the gap period. At this point, the active attending account is indistinguishable from the active inhibition account of Watson and Humphreys (1997, 1999) .
However, according to the active inhibition hypothesis, the gap period is needed in order for inhibition to build up . Time course and stimuli for the motion condition of Experiment 6. The stimuli and time course were identical to those used in Experiment 2, except that an irrelevant motion was added to the display 750 msec after the subset motion. In the static condition, the subset of premasks marking the location of the search stimuli remained static.
at the distractor items. If the gap period is too short (around 400 msec; Watson & Humphreys, 1997) , inhibition does not have sufficient time to build up and the preview effect does not occur or is reduced. However, the results of our Experiment 3 and Donk and Theeuwes's Experiment 2 (2001) indicate that the preview effect occurs only when the search items are defined by a luminance or motion transient-if only the distractor items are defined by a transient, then no preview effect occurs. Not only does this suggest that the processes responsible for preview search do not begin until and unless the search items undergo a magnocellular transient, but it also suggests that the processes responsible for the preview benefit perform no function during the gap period. The importance of the gap period in this instance might simply serve to minimize one transient from masking another transient of the same class. For example, Kramer, Cassavaugh, Irwin, and Peterson (2001) found that a secondary onset failed to capture attention when it occurred within 250 msec of an earlier onset.
More recently, we (Belopolsky, Peterson, & Kramer, 2002a have looked at attentional effects during preview search using behavioral and electrophysiological measures. Unlike Watson and Humphreys (1999) , we placed the probe stimuli during the gap period. In the electrophysiological experiment, the probe was completely irrelevant to the task at hand and was always present, whereas in the behavioral experiments, participants had to make a speeded response to the probe when it occurred on a subset of trials. The probe was an isoluminant color change to the old distractor items that occurred during the gap period and had no detrimental effect on the preview benefit.
To test the attentional effects of preview search, a preview search condition was contrasted to a neutral and a memory condition. In the neutral condition, the task was to determine whether the fixation cross blinked once or twice, and presumably required attention to be focused on the f ixation cross and drawn away from the distractor items. In the memory condition, participants were quizzed about the identities of the old distractor items that had occurred during the gap period. The encoding process presumably required participants to actively attend to the old distractor items. Event-related potentials (ERPs) timelocked to the probe showed increased and statistically identical P1 and N1 components in the search and memory conditions relative to the neutral condition. Likewise, in the behavioral experiment, RTs to the probe were identical and faster in the memory and search conditions relative to the neutral condition. According to the inhibitory visual marking account, ERPs should have been diminished and RTs slowed in the search condition relative to the neutral and memory conditions. These results suggest that the old distractor items are actively attended rather than inhibited during the gap period.
Although the importance of the final transient in allowing preview search in the present studies and the positive attentional effects during the gap period in our behavioral and ERP studies (Belopolsky et al., 2002a (Belopolsky et al., , 2002b suggest that no meaningful processing occurs during the gap period, Olivers and Humphreys (2002) found a carryover from one search display to another where RTs to a target are slowed if it shares the color with the old distractor items that occurred earlier in the trial. Although at first glance these results would appear to support the inhibition visual marking account, a more likely possibility is that Olivers and Humphreys observed negative priming (Tipper, 1985) .
Preview Search Is Not Simple Segregation
One possibility is that the preview effect is simply due to Gestalt grouping, perhaps through the mechanism of common fate. Although common fate has traditionally Figure 11 . Response times for Experiment 6, in which the search items were defined by motion and were followed later by whole-screen motion. As can be seen in the left-hand panel, the distractor items had an equivalent effect in the gap and no-gap conditions, indicating that participants were unable to visually mark when the motion-defined search stimuli were followed by whole-screen motion. As shown in the right-hand panel, search items had an equivalent effect in both conditions. been described as the grouping of objects that move together, recently common fate has been demonstrated for items that share a luminance change (Sekuler & Bennett, 2001) . This would predict that participants can segregate the display and actively assign which group will serve as the figure and which will serve as ground. However, in our Experiment 3 and Experiment 2 of Donk and Theeuwes (2001) , we find no evidence for this-if participants were able to segregate the display into transient and static items and search only the static items, then the transient items would have had no effect on search times and the preview effect would have occurred. As it stands, the preview effect occurs only when the search items undergo a magnocellular transient, indicating that visual marking is not simply a case of Gestalt grouping and segregation.
Contingent Marking Is Not Contingent Capture
Similar to our contingent marking hypothesis is the contingent capture hypothesis of Folk and his colleagues (Folk et al. 1992 (Folk et al. , 1993 Folk et al., 1994) . According to the contingent capture hypothesis, an item will capture attention only if its features match the top-down attentional set. For example, when participants are looking for a color singleton, a sudden onset will not capture attention, and vice versa. At first glance, our contingent marking hypothesis might appear to be an instance of the contingent-capture hypothesis, but applied to more than one search item. However, one area where contingent capture and contingent marking differ is in the area of color. In the singleton detection tasks of Folk and his colleagues, color singletons captured attention when they matched the attentional set. However, in our no-gap conditions and the original experiments of Watson and Humphreys (1997) , the preview effect did not occur when the search items were defined solely by a unique color. Second, have demonstrated that onsets do not capture attention when there is an attentional set for offsets, and vice versa. In contrast, we (Experiment 5) and Watson and Humphreys (1997, Experiments 4 and 5, ) find that onsets and offsets interfere with each other during preview search (Table 1) . Taken as whole, these findings suggest that the transient signals used for preview search are tapped at a level that is different from those used by contingent capture.
Conclusions
In contrast to the active inhibition account of Watson and Humphreys (1997) , the preview effect critically depends on the search stimuli being defined by a magnocellular transient. This suggests that the preview effect does not occur through the active inhibition of distractor items during the gap period, but rather is triggered by transients detectable by the magnocellular system. In addition, the types of transients that lead to preview search are partially determined by attentional control settings-when the target transient is an onset, motion will not interfere with preview search, and when the target transient is motion, an onset will not interfere with preview search.
Preview search is not a case of simple figure-ground segmentation, but instead might be the active grouping of objects marked by a common transient. That is, when attention is drawn to the new items, attention appears to be drawn to the singular group rather than to the individual items. For example, results from Watson (2001, Experiment 2) show that when the search items join a group of distractor items traveling along heliocentric rings spinning in opposite directions, the preview effect does not occur. This suggests that the preview effect will not occur when the search items cannot be contained as a coherent group. However, what is not clear from that experiment is whether or not the lack of a preview effect is due to the shear forces destroying local relationships among the distractor or among the search items. Grouping by a common transient, much like common fate, would suggest that preview search can occur only when the local spatial relationships among the search items are preserved. Alternatively, the constantly changing spatial relationships might have (Gibson, Li, Skow, Brown, & Cooke, 2000; Horowitz & Wolfe, 1998; Kristjansson, 2000; Peterson, Kramer, Wang, Irwin, & McCarley, 2001) made it impossible to keep track of which items had and had not been examined, making preview search impossible.
